Introduction
Type 2 diabetes is a global health problem known to disproportionately affect specific racial and ethnic groups that have significant differences in metabolic responses to insulin therapy. [1] [2] [3] Among Asian countries, India and the People's Republic of China have the highest number of type 2 diabetes patients in the world. 2, 4, 5 Type 2 diabetes tends to develop at a younger age and progresses faster in Asian patients than in other populations. 6 In addition, higher postprandial glucose levels have been reported in Asians. 4, 7 Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy Diabetes 
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This article was published in the following Dove Press journal: Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 9 August 2016 Number of times this article has been viewed Asians have a higher daily intake of carbohydrates and, when compared to other ethnic groups, 8 also show higher glycemic responses to the same glycemic load compared to non-Asian subjects. 7 Ethnicity is therefore an important consideration in the contribution of postprandial glucose to glycated hemoglobin (HbA 1c ).
The "metabolically obese" phenotype despite normal weight has already been described in Asian Indian ethnic people. 2, 4, 6, 9, 10 Compared to non-Asian patients, these Asian Indians have been shown to have a significantly lower body mass index (BMI) cutoff value ($23 kg/m 2 ), after which the risk for diabetes increases progressively. 11 Despite the apparent phenotypic and possible pathophysiologic differences in type 2 diabetes among races/ ethnicities, 3, 12 few insulin clinical trials have examined the effect of race/ethnicity with regard to both Asian and nonAsian populations on treatment outcomes within one study. The PARADIGM study enrolled a diverse cohort of patients from multiple countries and different racial/ethnic backgrounds. The primary objective was to test, in patients with type 2 diabetes inadequately controlled with oral antidiabetic medications, whether initiation and intensification with insulin lispro mix 25 (25% insulin lispro and 75% insulin lispro protamine suspension [LM25]) therapy was noninferior to initiation and intensification with insulin glargine plus insulin lispro (G+L) therapy, in terms of glycemic control. 13 The objective of this post hoc analysis of the PARADIGM study was to explore differences between non-Asian, Asian Indian, and East Asian type 2 diabetic patients with respect to initiation and intensification of insulin therapy with insulin LM25 compared with G+L.
Methods
Study design
This manuscript is the result of a post hoc analysis of data from the PARADIGM study (NCT 00548808). A detailed description of the PARADIGM study design has been previously published. 13 Briefly, the randomized, multicountry, open-label, active-controlled study enrolled male and female insulin-naïve patients with type 2 diabetes with inadequate glycemic control (HbA 1c $7.0% [$53 mmol/mol] and ,11.0% [,97 mmol/mol]) while taking oral antidiabetic medications (metformin plus sulfonylurea and/or pioglitazone) without insulin for at least 90 days.
Eligible patients, aged 30-80 years, were randomly assigned to either LM25 treatment (one daily LM25 injection and progressing up to three daily injections) or G+L treatment (one daily glargine injection and progressing up to three additional daily lispro injections). Patients were stratified by country, HbA 1c (#8.5% and .8.5%), and continuing use of a sulfonylurea. The insulin intensification process has been previously described. 13 Briefly, patients initiated insulin therapy with either one 10-U injection of LM25 (administered within 15 minutes prior to the evening meal) or with one 10-U injection of insulin glargine (administered at bedtime). Doses could be adjusted by the patients at any time during the study according to the specified dosing algorithm for each treatment, and adjustments were based on premeal blood glucose measurements. Investigators assessed patient-made dose adjustments at least weekly for the first 8 weeks and then at least once every 2 weeks until the end of the study. Patients were encouraged by the investigators to establish a stable insulin dose (at least 4 weeks) and lower blood glucose values to near target before adding an additional injection.
All patients needed to be receptive to diabetes education (as per routine practice), including continuing their prestudy diet and activity levels or following simple dietary advice as appropriate. At visit 2, study personnel also reinforced dietary instructions and provided training on blood glucose monitoring.
The This subanalysis focused on three racial/ethnic subgroups: non-Asian (n=130), represented by patients recruited in Australia, Brazil, Canada, and Mexico; Asian Indian (n=106), represented by patients recruited in India; and East Asian (n=89), represented by patients recruited in the People's Republic of China and South Korea. There were no patients of Asian ethnicity enrolled in non-Asian countries.
Statistical methods
All analyses for the non-Asian, Asian Indian, and East Asian subgroups were conducted using the full analysis set, which included patients who received at least one dose of study drug. The study end point was defined as the last patient visit after completing $32 weeks of study treatment.
The HbA 1c changes from baseline for each subgroup were analyzed using a mixed model for repeated measure analysis that had baseline HbA 1c , treatment, subgroup, 
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sulfonylurea use, visit, and treatment-by-visit interaction as fixed effects and patient as a random effect. By using baseline information and treatment as covariates in the mixed model for repeated measure analysis, the comparison between the three regions is adjusted for any baseline differences and any treatment effects. The least-squares means of change from baseline and P-values from Type III sums of squares were produced. Glucose excursions were analyzed for each subgroup using analysis of covariance (ANCOVA) that had baseline glucose excursion, treatment, subgroup, and treatment-by-subgroup as covariates. Any multiple comparisons between two regions were conducted using the Tukey's test.
The HbA 1c targets for each subgroup were analyzed using a generalized estimating equations model for logistic regression with fixed effects of baseline HbA 1c stratum, treatment, sulfonylurea use, visit, and treatment-by-visit interaction. The percentages of patients reaching the target of HbA 1c ,7% are reported. Baseline demographics, insulin dose/number of injection, mean weight change, and rate of hypoglycemia are expressed as mean and SD for continuous variables and All analyses were conducted using SAS 9.2 (SAS Institute Inc., Cary, NC, USA). Statistically significant differences between subgroups were not determined due to a lack of statistical power in the relatively small subgroups.
Results
Baseline characteristics
Baseline characteristics were generally similar among nonAsian, Asian Indian, and East Asian patients (Table 1 ). All non-Asian and East Asian patients were taking metformin and a sulfonylurea at baseline, whereas a small percentage of Asian Indian patients were not taking any sulfonylurea at baseline.
HbA 1c
There was a significant decrease from baseline HbA 1c at the end point in all three groups (P,0.001). At the end point, numerical values for HbA 1c were higher in Asian 
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Indian and East Asian patients compared with non-Asian patients, although the differences between the groups in change in HbA 1c were not statistically significant ( Figure 1 ). Changes (least-squares mean ± standard error) in HbA 1c from baseline to the end point were as follows: non-Asian (LM25, −2.07±0.24; G+L, −2.05±0.24), Asian Indian (LM25, −1.75±0.25; G+L, −1.60±0.25), and East Asian (LM25, −2.03±0.24; G+L, −1.76±0.24).
At the end point, the percentage of Asian Indian (LM25, 43.2%; G+L, 29.2%) and East Asian (LM25, 37.5%; G+L, 36.1%) patients reaching the HbA 1c target (,7%) was numerically but not statistically lower than the percentage of non-Asian patients reaching the target (LM25, 51.7%; G+L, 48.1%; Figure 2 ).
Insulin dose
The mean daily insulin dose at the end point and ratio of mealtime to total insulin dose for each subgroup are shown in Table 2 . The mean number of injections per day was approximately two in each group. More than half of the Asian Indian population required three or four injections in either treatment arm (LM25, 56.6%; G+L, 58.5%). More than 80% of the non-Asian (82.6%) and East Asian (82.2%) populations required two or fewer injections in the LM25 arm. In the G+L arm, 59%, 43.2%, and 32% of the non-Asian, East Asian, and Asian Indian populations, respectively, stayed on basal-only treatment. More than half of both Asian populations (Asian Indians: 58.4%, East Asians: 52.2%) in contrast to 29.5% of non-Asians in the G+L arm needed mealtime insulin coverage for at least two meals.
Blood glucose
At baseline, East Asians generally had numerically higher glucose excursion values compared to the other two populations, regardless of the type of meal. The improvement in glucose excursion was generally greatest in East Asians among the three populations at each meal. At breakfast, East Asians showed significant (P,0.05) glucose excursion improvement in both the LM25 and G+L treatment arms compared to Asian Indians. Non-Asians also showed significantly greater improvement in glucose excursion during breakfast in the LM25 treatment arm compared to Asian Indians (Table 3) . At lunch, both Asian populations showed significantly better glycemic excursion improvement compared to the non-Asians. At dinner, excursion values were higher for East Asians than Asian Indians and non-Asians, although the difference was not statistically significant.
Body weight
The mean change in body weight (kg) for each subgroup is shown in Table 2 .
Hypoglycemia
The hypoglycemia rate and overall incidence of hypoglycemia at the end point were higher in the non-Asian group than in the Asian Indian or East Asian group (Table 2) .
Discussion
Although both regimens in the PARADIGM study resulted in significant improvement in HbA 1c , compared to baseline, at the end point, there was a trend toward higher HbA 1c values and lower percentages of patients reaching HbA 1c targets in East Asian and Asian Indian patients compared with nonAsian patients. These results might be explained by more caution in increasing insulin dose in the East Asian group, as a result of higher concern about hypoglycemia. However, based on the results of this subanalysis, it may be that other factors like increases in insulin resistance in the Asian Indian population might have also played a role.
14 Notwithstanding the A1chieve study, which studied 16,823 insulin-naïve patients from India, 15 few studies have examined the effect of race/ethnicity, particularly with respect to Asians, on treatment outcomes of type 2 diabetes in insulin clinical trials. Although multiple studies evaluating diabetes treatment in East Asians have been conducted, 16, 17 few studies have involved patients of Asian Indian origin. The prevalence of diabetes and impaired glucose tolerance is high for all Asian countries and is increasing exponentially. 2, 18 Asians develop diabetes at a younger age and lower BMI compared with their Western counterparts. 2, 18 Studies have suggested that Asians are genetically more susceptible to type 2 diabetes compared with non-Asians, which could be due to earlier beta cell dysfunction in Asians. 4, 19 In this study, in East Asians compared with non-Asians and Asian Indians, there was a trend for less overall hypoglycemia, in particular nocturnal hypoglycemia, although these trends were not statistically significant. The lower incidence of hypoglycemia in the Asian subgroups is likely the result of less aggressive insulin titration, as shown by fewer patients reaching the HbA 1c target of ,7% in both Asian subgroups. Alternatively, this difference may be due to regional differences in the rate of reporting hypoglycemia.
All three populations assessed in the current study, despite having various degrees of glycemic excursion, showed the highest glucose excursion of the day during breakfast, possibly 
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due to the dawn phenomenon, in which counter-regulatory hormones are excreted that result in higher insulin resistance or the effect of the exogenous insulin administered to the patient the day before disappears. East Asians have higher glucose excursion throughout the day at baseline compared to the other subpopulations, and the improvement of glucose excursion was also numerically larger compared to the other populations in either treatment arm. Among the three populations, Asian Indians in general showed the least improvement in glycemic excursion, despite having a similar mealtime insulin ratio and a higher dose of insulin compared to East Asians. Of the three populations, non-Asians had the greatest proportion of patients staying on basal-only therapy and also the highest proportion of patients able to stay on two or fewer injections in the G+L arm, contributing to the hypothesis that non-Asians have better insulin secretion capacity to overcome mealtime needs with adequate fasting glucose control. Approximately 80% of subjects in the East Asian and non-Asian populations stayed at two or fewer injections in the premixed treatment arm. In contrast, more than half of the patients in the Asian Indian population required three LM25 insulin injections. Improvement in glucose excursion was seen in the non-Asian group compared to the Asian Indian group at breakfast and dinner but the reverse was seen at lunch, probably due to fewer non-Asian subjects covered by mealtime insulin at lunch from the LM25 arm. Despite similar percentages using two daily injections of LM25, East Asians showed persistent improvement in glucose excursion for all three meals. In general, Asian Indians received a higher total insulin dose, but still showed a relatively lower HbA 1c reduction compared to non-Asians or East Asians. Both Asian populations showed higher prandial-to-total insulin dose ratios compared to non-Asians. These results may be related to an inadequate beta cell response to increasing insulin resistance. Multiethnic studies have highlighted that for any given BMI or waist circumference, Asians have greater adiposity or visceral fat than Caucasians. 20 An Asian diet that is rich in carbohydrates may also be a contributing factor, combined with a relatively weaker insulin secretory capacity by the beta cell. Despite having a similar pattern of basal and mealtime insulin ratio to that of East Asians, Asian Indians improved less in glycemic excursion on both treatment arms. The need for greater insulin dose suggests that Asian Indians may have even higher insulin resistance, as noted in previously published studies, 21 perhaps from a genetic and dietary perspective.
Insulin resistance seems to play an important role in the development of type 2 diabetes in non-Asians, whereas beta cell dysfunction and decreased insulin secretion may be more prominent in Asians. 19 Therefore, East Asians may respond better with insulin replacement and have a greater need for mealtime insulin as a result of faster, earlier deterioration of insulin secretory capacity, which was the finding in this subanalysis. East Asians with less insulin secretory capacity would be less likely to respond to only basal insulin, as their insulin secretory response to meal or glucose challenge may be inadequate. In contrast, non-Asians, with potentially better beta cell residual function, would be more likely to achieve glycemic control on basal coverage. 20, 22 There are limitations to the current analysis. The PARA-DIGM study was not specifically designed to assess the impact of race/ethnicity on treatment. Also, the study design was open label due to the different appearances of the insulin preparations. Insulin titration was not a forced process, allowing room for the investigator's discretion; therefore, there may have been some influence of local differences in treatment intensification in clinical practices in the various countries. In addition, it was not possible to adequately control cultural factors (eg, diet and exercise, access to medical care, socioeconomic factors, and patient adherence to medical treatment). Although the numbers in each treatment group are lower than in the original study, 13 group numbers were relatively even in each of the subgroups of this study. We were unable to determine statistical differences between the subgroups due to a lack of statistical power, since this exploratory subgroup analysis was not designed or powered to show significance in subgroups, in which relatively small sample sizes make accurate inferences challenging. Differences between the subgroups in digestible versus nondigestible quantities of carbohydrates in meals were not investigated in this analysis. Nonetheless, strengths of this study are that patients of both Asian and non-Asian origin participated, the same protocol and same treatments were used, and the key end points were centrally measured. An additional strength of this analysis is the separation of Asian patients into Asian Indian and East Asian groups.
Conclusion
Some numerical differences in glycemic control and insulin doses were observed between non-Asian, Asian Indian, and East Asian patients in the PARADIGM study of patients with type 2 diabetes initiating insulin. The findings of this subanalysis suggest a greater need for mealtime insulin among Asian patients, which may be reflective of a lower insulin secretory capacity combined with a greater insulin resistance due to higher visceral fat combined with a diet high 
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in carbohydrate. In addition, there may be also a difference between Indians and Asians of Eastern origin, in which insulin resistance may play a greater role in the Asian Indian population than in Eastern Asians. These findings, although exploratory, add to the growing body of literature describing potential racial/ethnic differences among patients with type 2 diabetes and highlight the importance of considering race/ ethnicity when evaluating insulin treatment regimens for patients with type 2 diabetes.
